A pot experiment was conducted under greenhouse condition at the Experimental Farm, Faculty of Agriculture, Zagazig University. The experiment aimed to study the effect of two phosphate fertilizers i.e., ordinary super phosphate (OSP) and rock phosphate (RP) combined with or without perlite under different soil moisture levels (80, 65 and 50% of saturation point) on sudan grass (Sorghum vulgare var. sudanense) plant as well as available P behavior through the investigated calcareous soil. Soil samples were taken from the surface layers (0-30 cm) from El-Noubaria Research Station, El-Noubraria District, Egypt. Results showed that the application of various phosphorus source i.e. OSP or RP as individual application or combined with perlite under different soil moisture levels increased fresh weight, dry matter and phosphorus uptake of sudan grass compared to untreated soil. The highest value of each of fresh and dry weight, P-uptake and available P was found in calcareous soil treated with OSP combined with perlite under 80% moisture level, while the lowest ones were obtained with untreated soils under 50% moisture level in absence of perlite. Application of OSP showed greater values of fresh weight, dry matter and P-uptake by sudan grass plants than RP. The promotive effect of different soil moisture levels on available phosphorus after three cuts in the two layers follows the descending order: 80>65> 50% under the application of ordinary super phosphate or rock phosphate in presence of perlite. Treatments under OSP gave higher values of available phosphorus after cutting than those under RP. These increases represented as much as 9.2, 8.8 and 29% after the first, second and third cuts, respectively in the first layer (0-5cm) as well as 10.1, 8.6 and 23.4%, respectively in the second layer (5-10 cm). Available P were higher in the first layer (0-5 cm) than in the second one (5-10 cm) after all cuts under different treatments.
INTRODUCTION
Phosphorus is the second most commonly soil limiting nutrient element after nitrogen. Phosphorus is very important element to plant growth and plays a key role in metabolic processes such as the conversion of sugar into starch and cellulose (Mengel and Kirkby, 1987) .
Growth parameters and soil available P increased with the increase of P application (Johnston et al., 2016 ; Mali et al., 2017) who revealed that application of various sources and levels of phosphorus with vermiculture significantly increased grain, stover and biological yields of maize and nutrient uptake.
Desertic soils in Egypt are mostly calcareous and sandy soils. These soils, generally, attended some problems, related to their physical properties, salinity and low potentiality for productivity. There are several means for solving their problems, one of them is the use of soil conditioners (El-Kholy et al., 2000) . Soil conditioning means improve the physical conditions of such soils by using small amounts of natural or artificial products to promote germination, increasing water holding capacity http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master Soil and Water Science and reducing evaporation from the surface of soil under arid conditions. However, minor attention was paid to the effect of conditioners on the status of nutritive elements as well as the chemistry of their intergradient, during the improvement of the desert soils (El-Hady et al., 2001) . Conditioning calcareous soils became a necessity to increase agricultural production and to overcome the deficiency in food requirements (Ali, 2002; El-Zaher et al., 2007; Hassanien et al., 2007; Telep, 2008) . Calcareous soils have content of CaCO 3 which contributes to the unfavorable structure for plant roots development and unfavorable effect on nutrients availability to plants. Mineral soil amendments are soil improving agents .The application of such amendments could improve the retentive capacity of soils for water and fertilization nutrients and also may help in improving the unfavorable structure and in increasing nutrients availability in calcareous soil.
Perlite is a natural bio stimulant for plant growth. Vermiculite and perlite is an excellent regulator of the soil moisture and positively influences the development of roots with its favorable properties of aeration and air capacity. When added to soil, it supports optimal conditions of soil moisture; air capacity and heat balance, creating favorable conditions for plant nutrition (Marinova et al., 2012) . Merwad (2013) reported that the application of perlite combined with chicken manure gave the highest values of yield, N, P and K-uptake of barley and faba bean plants in calcareous soil and also increased phosphorus availability at different incubation periods.
Water content is an important property of soils, influencing soil solution chemistry and nutrient uptake by plants. Morphology and other specific properties of the root, nutrient concentration in the soil solution, the mobility of nutrients in the soil, and supply from solid phases, affect nutrient uptake (Barber, 1995) . Soil moisture is important factor affecting adsorption, transformation and the availability of soil phosphorus to plants (Song et al., 2012) . Eissa et al. (2013) found that keeping the soil moisture at 125% of field capacity, significantly increased the total uptake of P in 60-days old corn plants from 9.38 to 10.16 kg P fad -1 . Forms of P fertilizers had a little effect on P concentrations in corn plants. Increasing the amount of irrigation water increased the grain and straw yield of corn. Sinegani and Mahohi (2009) found that soluble P was higher in soil incubated in FC as compared to those incubated in other moisture(sat,0 bar), field capacity (FC,-0.3 bar),and permanent wilting point (PWP,-15 bar). Al-Oud (2011) indicated that the availability of P from rock phosphate was increased by increasing incubation period up to 90 days in calcareous soil. Al-Tameemi et al. (2015) indicated that application of concentrated superphosphate to calcareous soils converted during short time (one week) to phosphate minerals by precipitation reaction. Increasing soil moisture content up to field capacity increased solubility of calcium phosphate in soil solution of calcareous soils. Mobility of calcium phosphate minerals and through in soil depths was limited. Improvement of nutrients availability subsequently to plant growth is important while planning the fertilization regime in perlite substrate. Enhancement of P availability may be the most important outcome, because solution-P concentrations are governed by adsorption/ desorption and precipitation/dissolution reactions (Silber et al., 2010) The present work aims to study the efficiency of phosphatic fertilizers (ordinary super phosphate and rock phosphate) as influenced by soil moisture and perlite application in calcareous soil and their effect on fresh and dry matter yield, phosphorus uptake of sudan grass and availability of phosphorus at different soil depths.
MATERIALS AND METHODS
A pot experiment was conducted under greenhouse condition. The experiment aimed to study the effect of two phosphate fertilizers i.e., ordinary super phosphate and rock phosphate in presence or absence of perlite under different levels of soil moisture on sudan grass plant (Sorghum vulgare var. sudanense). Representative soil samples were taken from the surface layers (0-30 cm) from El-Noubaria Research Station El-Noubraria District, Egypt. Soil samples were air dried, crushed, sieved to pass through 2 mm plastic screen, thoroughly mixed and stored in plastic bags for analysis and experimental work. Some physical and chemical characteristics of the investigated soils were determined including available content of N, P and K as shown in Table 1 . Physical and chemical properties of the soils were determined according to Piper (1950) , Black et al. (1965) and Jackson (1973) . Air dried soil equivalent 8 kg oven dry soil was placed in plastic pots of internal dimentions 20 × 25 cm. The experiment was conducted in a complete randomized block design under controlled conditions in the greenhouse of the Faculty of Agriculture, Zagazig University, Egypt. Three replicates of treated soil were performed.
Before planting, the treatments of phosphatic fertilizers as ordinary super phosphate (67.6 g P kgP -1 P ) and rock phosphate (150 g P kgP -1 P ) were thoroughly mixed with the soil samples at a rate of 13 kg P fadP -1 P . Also, the treatments of perlite were mixed with the soil samples at a rate of 0.2% (2 Mg fad.P -1 P ). Some characteristics of perlite are shown in Table 2 . Soil moisture levels were adjusted at 80, 65 and 50% of saturation percent.
Twenty seeds of sudan grass were sown per pot. The pots were daily weighed and the soil moisture content was adjusted at different levels as mentioned before. After germination, plants were thinned to ten plants per pot.
Nitrogen was added as ammonium sulphate (205 g kgP -1 P ) at the rate of 150 mg N kgP -1 P soil at three equal doses, the first was before the 1P st P irrigation while the second and third doses were added after the first and second cuts, respectively. The recommended doses of potassium was added as potassium sulphate (410 g K kgP -1 P ) at the rate of 40 mg K kgP -1 P soil before sowing.
Three successive cuts were taken from growing plants, 5 cm. above the soil surface, each after 60 days. Fresh weight was recorded after each cut. Each of the three cuts were dried at 70˚C for 72 hr., weighed, digested and phosphorus concentration was determined colourmetrically using ascorbic acid method (Watanabe and Olsen, 1965) . Soil samples were taken at different depths, (0-5 cm) and (5-10 cm) after each cut where available phosphorus was determined. Available phosphorus was determined using Watanabe and Olsen, (1965) method, 5 grams of soil sample being shaken with 50 ml 0.5 M NaHCOR 3 R solution (pH 8.5) with one gram activated charcoal for 0.5 hour and filtered, then determined calorimetrically. The obtained data of plant parameters and soil were statistically analyzed (LSD at 0.05) according to the method described by (Russell, 1991) .
RESULTS AND DISCUSSION

Fresh Weight
Results presented in the Table 3 show the effect of applied different P sources and perlite under soil moisture levels on sudan grass taken in three successive cuts in calcareous soil. Results reveal that the application of various phosphorus sources i.e. ordinary super phosphate and rock phosphate individually or combined with perlite under different soil moisture levels gave an increase in the total fresh weight of the three cuts of plants compared to control. Many investigations illustrated the importance of phosphorus fertilizers for soils and their effect on plant growth and increasing the availability of nutrients in soil solution and uptake by plants (Ziardi et al., 2001; Csathó et al., 2005; Abd Alla et al., 2007) .
The highest values of total fresh weight were found in the treatment of ordinary super phosphate combined with perlite under 80% moisture level, while the lowest ones were obtained with the untreated soils under 50% moisture level in the absence of perlite. This view point is in agreement with Silber et al. (2010) and Merwad (2013) .
Taking the effect of P-source addition into consideration, the results showed that using ordinary super phosphate combined with perlite under different soil moisture levels gave higher values than those under rock phosphate. These results are in agreement with those of Cao et al. (2004) and Amaizah et al. (2013) . Mohamed et al. (2008) found that addition of compost, taffla and rock phosphate to sandy calcareous soil increased dry matter yield and NPK uptake by corn plants. As for the effect of perlite addition, the results in Table 3 show that using perlite combined with different phosphatic fertilizers gave higher average values than those of untreated soil. This view point is in agreement with Osman et al. (2004) . This result may be due to improving of soil available water content by perlite materials in presence of phosphatic fertilizers. The increase of soil available water content and reduction soil pH values are leading to increase dissolved mineral phosphorus. This finding agrees with that obtained by Savini et al. (2006) .
From the results presented in Table 3 , it showed that application of perlite to calcareous soil increased cumulative fresh weight of sudan grass compared to the untreated ones. These increases represent 20 and 19% in the case of OSP and RP, respectively under different soil moisture levels. On the other hand, treatments under OSP gave higher values of cumulative fresh weight of sudan grass than those under RP. These increases represent 10 and 4% in the presence of perlite for 80 and 65% soil moisture, while the increases represent 4, 3 and 1% in the absence of perlite application for 80, 65 and 50% soil moisture, respectively. These results agree with those of Rivaie et al. (2008) .
The fresh weight of the treatments were the lowest in the third cut if compared to the first and second cuts. The decrease in fresh weight yield for third cut may be due to the reduction in nutrients supply and to the gradual decrease in availability of remaining portions. This view point is in agreement with Nassar et al. (2000) and Mali et al. (2017) .
Dry Weight
The results of Table 4 show the effect of added phosphorus sources and perlite material under soil different moisture levels on dry weight of three cuts of sudan grass plants grown on calcareous Soil.
Results of the total dry weight indicated that the application of various phosphorus sources i.e. ordinary super phosphate and rock phosphate individually or combined with perlite under different soil moisture levels (80, 65 and 50%) gave increases in the total dry weight of the three cuts of plants grown on calcareous soil compared to control. Metwally (2000) reported that the addition of phosphorus fertilizer as ordinary superphosphate had a significant increasing effect on grain and straw yields of wheat.
The greatest values of total dry weight were found in soil treated with ordinary super phosphate combined with perlite under 80% moisture level, while the lowest ones were obtained with untreated soils under 50% moisture level in absence of perlite. These results were similar to those obtained by El-Zaher et al. (2007) , Matter et al. (2007) and Telep (2008) . The promotive effect of different soil moisture levels on dry weight of sudan grass plants at three cuts can follow the order: 80>65> 50% under the application of ordinary super phosphate or rock phosphate in the present of perlite Taking the mean effect of P-source addition into consideration, the results show that using ordinary super phosphate with perlite under different soil moisture levels gave higher values than those under rock phosphate. This result is in agreement with that obtained by El-Fayoumy et al. (2000 ) and Song et al. (2017) .
From the results presented in Table 4 , it showed that application of perlite to calcareous soil increased cumulative dry weight of sudan grass compared to the untreated ones. These increases represent 36 and 4% in the case of without phosphatic fertilizers and RP, respectively under different soil moisture levels. On the other hand, treatments under OSP gave higher values of cumulative dry weight of sudan grass than those under RP. These increases represent 33, 30 and 28% in the presence of perlite for 80, 65 and 50% soil moisture, while the increases represent 21 and 4% in the absence of perlite application for 65 and 50% soil moisture, respectively.
Individually the dry matter values of treatments were the lowest in the third cut if compared to the first and second cuts of grown plants. This view point is in agreement with Buddh (2014), Ademba et al. (2015) and Mojaddam et al. (2015) .
Phosphorus Uptake
Results in Table 5 show the effect of added phosphorus source, perlite under soil moisture levels on phosphorus uptake of three cuts of sudan grass plants.
Results of the total phosphorus uptake indicated that the application of various phosphorus source i.e. ordinary super phosphate and rock phosphate applied individually or in combination with perlite under different soil moisture levels (80, 65 and 50%) gave increase in the total phosphorus uptake of the three cuts of plants grown on calcareous soil compared to control. The greatest values of total phosphorus uptake were found in plants treated with ordinary super phosphate combined with perlite under 80% moisture level, while the lowest ones were obtained with untreated soils under 50% moisture level in absence of perlite. Osman et al. (2004) reported that N, P and K uptake by faba bean plants increased by adding acidic water capture fertilizer (WCF) conditioner compared to untreated one particularly with the higher rates of K (40 and 60 kg K fad.P -1 P ) and found that application of WCF increased N,P and K content in seeds and straw of plants.
Taking the mean effect of P-source addition into consideration, the results showed that using ordinary super phosphate with perlite under different soil moisture levels gave higher values of P uptake than those under rock phosphate. These results are in agreement with those of Khalil (2011) . Regarding the mean effect of perlite addition, the results in Table 5 show that using perlite combined with different phosphatic fertilizers gave higher values of P-uptake than those untreated soil. The increase of soil available water content are leading to increase phosphorus in soil as reported by Marinova et al. (2012) . Nassar et al. (2006) reported that application of phosphorus to soil or foliar fertilization enhanced plant growth, nutrient uptake, quantity and quality of onion crop.
Results showed that application of perlite to calcareous soil, increased cumulative phosphorus uptake of sudan grass compared to the untreated ones. These increases represent 38, 56 and 52% in the case of without phosphatic fertilizers, OSP and RP, respectively under different soil moisture levels. Nassar (2007) studied the application of phosphorus fertilizers at levels of 0, 15 and 30 kg P 2 O 5 under sandy and calcareous soils condition, found that there was an increase in growth, seed and straw yields and NPK uptake by faba bean and soybean and this increase was significant. Phosphorus fertilizers increased the availability of nutrients in soil solution subsequently increasing the uptake of nutrients. However, nutritive and protein contents of both crops were significantly increased by the application of phosphorus.
On the other hand, treatments under OSP gave higher values of cumulative phosphorus uptake of sudan grass than those under RP. These increases represent 43, 26 and 43% in the presence of perlite for 80, 65 and 50% soil moisture, while the increases represent 27, 33 and 43% in the absence of perlite application for 80, 65 and 50% soil moisture, respectively. Application of ordinary superphosphate showed greater values of dry matter, N, P and K-uptake by wheat plants than rock phosphate under application of chicken manure or town refuse as reported by Khalil (2011 ), Buddh (2014 and Ademba et al. (2015) . Individually dry matter values of treatments were the lowest in the third cut if compared to the first and second ones of plants grown on calcareous soil. This view point is in agreement with El-Sedfy et al. (2008) .
Soil Available Phosphorus
Results illustrated in Fig. 1 show that, the values of available phosphorus (mg kg -1 ) at different depths were affected by the application of different phosphorus sources and perlite under different soil moisture levels. The treatment of OSP plus perlite under 80% soil moisture gave the highest values of available phosphorus in the first layer (0-5cm) after the first, second and third cuts (15.3, 15.0 and 12.9 mg ka -1 , respectively), while the lowest ones (7.4, 7.2 and 5.1 mg kg -1 , respectively) were found with untreated phosphate fertilizers in absence of perlite under 50% soil moisture. These results are in agreement with those obtained by Sadegh-Zadeh et al. (2008) and Opala (2017) . The highest values of available phosphorus occurred with OSP treatments followed by RP and without application of phosphorus fertilizers. The ordinary super phosphate plus perlite under different soil moisture levels was more efficient than rock phosphate. Therefore, ordinary super phosphate could be recommended as a good source of phosphorus in these soils to attain higher available phosphorus content. Fouda (2017) reported that the application of phosphorus fertilizers gave the highest values of available phosphorus in soil after harvesting stage of faba bean.
Treatments under OSP gave higher values of available phosphorus after three cuts than those under RP. These increases represent 9.2, 8.8 and 29% after the first, second and third cuts, respectively in the first layer (0-5cm) and 10.1, 8.6 and 23.4%, respectively in the second layer (5-10 cm). This view point is in agreement with Song et al., 2017 . Fig. 1 showed that application of perlite to calcareous soil increased available phosphorus compared to the untreated ones in the two layers after cuts. These increases represent 9.5, 8.4 and 11.7% after the first, second and third cuts, respectively in the first layer (0-5 cm) and 9.6, 8.8 and 8.5% in the second layer (5-10 cm), respectively. Available P in calcareous soil was generally accumulated in the surface layer (0-5 cm) and gradually decreased with soil depth. However, there were appreciable differences in P distribution in the root zone between P fertilizers (Eissa et al., 2013) . Regarding the effect of soil moisture, results showed that, the available phosphorus was increased with increasing soil moisture level. This trend was found true under different phosphate fertilizers and perlite, after three cuts. Fig. 1 showed that the treatment of 80% soil moisture increased available phosphorus compared to 50% soil moisture in the two tested layers after cutting. These increases represent 23.6, 25.4 and 22.1% after the first, second and third cuts, respectively, in the first layer (0-5cm) and 24.3, 20.9 and 30.8% in the second layer (5-10 cm), respectively. The promotive effect of different soil moisture levels on available phosphorus after three cuts in the two layers may follow the order: 80>65> 50% under the application of ordinary super phosphate or rock phosphate in the presence of perlite. These results are in agreement with Khalil (2011) and Rosolem and Merlin (2014) . High rate of irrigation water increased the downward movement of all forms of P fertilizers. As the moisture content of the soil is lowered, the moisture films around the soil particles become thinner and the diffusion of phosphate ions through these films become more tortuous, thus reduced the overall movement of phosphate ions (Tisdale et al., 1997) . Increasing the mobility of P dissolved in irrigation water with increasing the amount and frequency of irrigation has been observed, especially for sandy soils (Kargbo et al., 1991) .
Results in
Comparing the values of available phosphorus in soil, in Fig. 1 showed that available phosphorus values were higher in the first layer (0-5 cm) than in the second one (5-10 cm) after all cuts under different treatments. These results are in agreement with those of Siemens et al. (2004) and Yang et al. (2013) . Pearse et al. (2006) observed a significant increase in soil labile P down to 10 cm and an increasing tendency down to 30 cm with P application on the soil surface. Phosphorus derived from triple superphosphate and rock phosphate applications moved down to 10-20 cm soil depth within 2 years of application in the Pumice soil, but did not move below 10 cm depth in the higher P fixing and less porous Allophanic soil (Rivaie et al., 2008) .
Results of all treatments showed that available phosphorus in soil was relatively high until the second cuts in the two layers. Thereafter, available phosphorus was decreased after the third cut. The lowest available phosphorus after the third cut as compared with the first and second cuts may be related to the gradual depletion for nutrients reserve in the soils with progressing age of plants. Similar results were obtained by Merwad and Abdel-Fattah 2015. The lowest available phosphorus was obtained after the third cut which may be related to the reduction in nutrients supply and to the gradual decrease in availability of the remained portion. This view point is in agreement with Yang et al. (2013) .
